Introduction
Blood-injury-injection (BII) phobia is one of the five different types of specific phobias classified in the Diagnostic and Statistical Manual of Mental Disorders 5 (DSM-5) 1 . Individuals with BII-phobia are characterized by extreme anxiety and avoidance in relation to seeing blood or injuries, undergoing invasive medical procedures or receiving injections 1 . Nausea, aversion and the feeling of disgust are strongly associated with exposure to the BII-phobic stimuli [2] [3] [4] [5] . Unique for the BII-phobia is the high frequency of a vasovagal response associated with fainting when exposed to the phobic stimuli 6 . Fear and anxiety provoking situations or those in which phobic stimuli may be encountered, are avoided or endured with intense anxiety 1, 7 . There are two main subgroups of the BIIphobia: blood-injury phobia (BIP) and injection phobia (IP). IP is further divided into two separate, sometimes overlapping conditions, extra-oral IP (E-OIP) and intraoral IP (I-OIP) 6, 8 . Extra-oral injections concern a variety of injections, most often vaccinations, taking blood samples or intravenous cannulations (e.g., venflons). Intraoral injections are mainly used for local anesthesia to prevent procedural pain during dental treatment.
The onset of the BII-phobia has been reported to be 5.5-10 years of age 6, [9] [10] [11] . In children, poor pain control during dental treatment, for example due to avoidance of intraoral injections, may contribute to the development of dental fear and anxiety [12] [13] [14] [15] . The early onset of the BII-phobia combined with the consequences associated with the disorder highlights the need for early and correct identification. With respect to the I-OIP subtype of IP, detection at an early age is essential to providing proper treatment and thus, hopefully, to preventing painful dental experiences 16 . Intraoral IP is a clinical diagnosis which can only be diagnosed by trained professionals, usually psychologists or psychiatrists 1 . They are capable of distinguishing a high level of intraoral injection fear from phobia. Nevertheless, tools such as self-reporting questionnaires and psychometric scales are used to assess the level of fear in clinical dental settings, to estimate its prevalence in a population and to register differences between experimental and control groups 8, 17 . To establish a proper fear cutoff score on psychometric scales is essential as it allows us to distinguish highly fearful individuals from non-fearful individuals, both in larger populations and in clinical dental settings. In the clinical setting, an established cutoff score may additionally be used to indicate the need for referral to qualified specialists 8, 17, 18 . Hitherto, there are no articles published presenting psychometric scales which distinguish between extra-and intraoral injection fear in children. Currently, if at all reported, fear of intraoral injections is embedded in a broader fear assessment, or based on single questions. The widely used Children's Fear Survey Schedule-Dental Subscale (CFSS-DS) assessing dental fear only have one single item covering fear of intraoral injections 19 . Similarly, in the Injection Phobia Scale for children (IS-c) assessing injection fear in general, all but one single item concerning intraoral injections cover situations regarding extra-oral injections such as vaccines and blood samples 20 , which limits the use in a dental setting. Also single questions such as the Visual Analogue Scale (VAS) may be used for assessing fear of intraoral injections, but can only cover one aspect of the fear response 17 . Although responses to single questions indicate that fear of intraoral injections is one of the most common fears related to dental treatment 21, 22 , it cannot assess the different aspects and dimensions of the more complex fear response, which is covered more broadly in a psychometric scale 1, 17 . This lack of a scale for measuring intraoral injection fear in children and adolescents led a research group at the University of Bergen, Norway, to develop the Intra-Oral Injection Fear scale (IOIF-scale) for children and adolescents. In its development, both psychologists and dentists with expertise in dental phobia and cognitive behavioral therapy took part.
The primary aim of this study was to evaluate the reliability and validity of this IOIFscale. The secondary aim was to establish a cutoff score for a high level of intraoral injection fear.
Materials and methods

Study sample and design
The collected data in this study originated from two studies administered from the Center for Odontophobia, Oral Health Centre of Expertise in Western Norway, Hordaland, Norway. One study took place at elementary schools in Hordaland County (Sample I) and the other (Sample II) at the Centre for Odontophobia. Data collection was undertaken from February 2013 to April 2015.
Sample I (non-clinical sample) comprised collected questionnaire data from 1460 pupils (10-to 16-year-olds) attending elementary schools. The schools were cluster-sampled. The questionnaires, distributed in classrooms, were completed within 45 min. A short standard introduction outlining the anonymity and purpose of the study was given prior to completing the questionnaires. The IOIF-scale included in this paper-and-pencil questionnaire had previously been pilot tested on 154 pupils, 11-to 15-year-olds. In the pilot study, no problems regarding the understanding of the content of the IOIF-scale were reported; hence, no adjustments to the scale were made.
Additionally, the questionnaire data consisted of Mutilation Questionnaire for Children (MQ-c) 20 , IS-c 20 , CFSS-DS 19, 23 and two single questions regarding avoidance of intraoral injections and self-perceived fear of intraoral injections. Sample II (clinical sample) consisted of collected data from 67 patients diagnosed with intraoral injection phobia (10-16 years), enrolled at the Center for Odontophobia. The patients had all refused intraoral injections due to fear prior to enrollment and were therefore recruited by referral from the Public Dental Service (PDS). The patients had been going through a semi-structured diagnostic interview, carried out by a psychologist, as part of an ongoing randomized controlled treatment study. The interview was based on a modified version of the Anxiety Disorders Interview Schedule-IV (ADIS-IV) 24 . In addition to the interview, the patients had completed the IOIF-scale. A random subsample of 26 patients also completed the IOIF-scale a second time with a 5-week interval.
Measuring tools
The IOIF-scale is a 12-item questionnaire in Norwegian, which assesses fear of intraoral injections. Each pre-coded response ranged from 1 to 5 [(1 = not afraid at all, 2 = a little afraid, 3 = a fair amount, 4 = pretty much afraid and 5 = very afraid), sum score range: 12-60]. The aim of this scale was to cover different potential fear provoking situations or objects associated with intraoral injections. The underlying rationale for obtaining the measures was to estimate the feeling of fear evoked in response to exposure to the respective triggers of fear. The following scales were all in Norwegian. The Norwegian versions were based on the Swedish version, as these two Scandinavian languages are closely related to each other. For measuring injection fear, IS-c was applied 20 . The IS-c, an 18-item scale, ranged from 0 to 4 [(0 = not afraid at all, 1 = a little afraid, 2 = a fair amount, 3 = pretty much afraid, 4 = very afraid), sum score range: 0-72]. The MQ-c was used to assess blood-injury fear 20 , which was a 15-item scale with five response alternatives [(0 = not afraid at all, 1 = a little afraid, 2 = a fair amount, 3 = pretty much afraid, 4 = very afraid), sum score range: 0-60]. Also the CFSS-DS, a scale consisting of 15-items measuring dental fear in children was applied 19, 23 . The five response options were graded from 1 to 5 [(1 = not afraid at all, 2 = a little afraid, 3 = a fair amount, 4 = pretty much afraid, 5 = very afraid), sum score range: 5-75]. The respondents of the questionnaires were further asked to estimate the probability of proceeding with dental treatment when an intraoral injection was needed. The options were 'definitely', 'probably', 'probably not' and 'certainly not'. Avoiders were defined as those responding 'certainly not', and non-avoiders were defined as those responding 'definitely'. Furthermore, self-perceived fear of intraoral injections was evaluated using VAS (0 = no fear at all; 10 = terrified).
Statistical analysis
Internal consistency reliability of the IOIFscale was assessed by Cronbach's alpha, alpha if item deleted, inter-item correlation coefficients and the corrected item-total correlation. Test-retest was assessed by the intraclass correlation coefficient.
To assess concurrent validity, the IOIF-scale sum scores data from Sample I and Sample II were compared by an independent sample ttest. Leven's test for equality of variances was conducted for the t-tests. When the assumption of equal variances was violated, t-statistics not assuming homogeneity of variances were computed. Construct validity, both convergent and divergent, was also evaluated in the following analyses (Sample I); the IOIFscale scores of the non-avoiders and the avoiders were compared, using an independent sample t-test. Spearman's correlations were also calculated between the sum score of IOIF-scale and the single question rating selfperceived fear of intraoral injections. Furthermore, Spearman's correlations between the IOIF-scale and the MQ-c, IS-c and CFSS-DS sum scores were performed.
Principal component analysis (PCA) with oblimin rotation was conducted to identify the underlying structure (Sample I). KaiserMeyer-Olkin (KMO) measure of sampling adequacy) and Bartlett's test of sphericity were checked before interpreting the rotated (2) by inspection of the screeplot (components above the change in the shape of the plot were retained) and (3) by use of parallel analysis 25 . In the parallel analysis, the sizes of the eigenvalues obtained from PCA were compared with those obtained from a randomly generated data set of the same size. Components with eigenvalues exceeding the values obtained from the corresponding random data set were considered separate components.
The receiver-operating characteristic (ROC) curve was used to determine the most discriminant IOIF-scale cutoff score, in order to separate those with I-OIP from all others, with the best balance between sensitivity and specificity 17 . The ROC was illustrated graphically, and the area under the curve (AUC) was calculated both for the continuous IOIFscale and for the IOIF-scale dichotomized by the cutoff value chosen, against the patients diagnosed with I-OIP (Sample II) as a reference standard.
Sum scores on the scales were calculated using the mean of the items multiplied with the number of items. Mean values were calculated if 20% or fewer of the items had missing information for each individual. The sum score for individuals with missing information on 20% or fewer was hence imputed and replaced the missing values, using the mean of the other items. Due to item nonresponse, N differed slightly between analyses. Data were analyzed using SPSS version 22.0 (IBM, Armonk, NY, USA). Parallel analysis was conducted using the software developed by Watkins 25 .
Ethical approval
Approval by the Regional Committees for Medical and Health Research Ethics in Norway, 2010/63-3, was obtained. Permission to conduct the questionnaire study at schools was obtained from the educational authorities and school administrations in each municipality. Informed passive consent was obtained both from the pupils and their guardians. In the study in which patients were included, written informed consent was obtained from patients and their guardians.
Results
In the 31 schools which accepted the invitation to participate in the study (Sample I), only 19 pupils declined to participate, yielding a response rate of 98.7%. The mean age of the participants (N = 1441) was 12.7 years (SD = 1.9), and 50.9% were girls. Age distribution is shown in Table 1 . In Sample II, the mean age of the participants (N = 67) was 12.2 years (SD = 2.0), and 58.2% were girls.
Internal consistency reliability and reproducibility
The internal consistency reliability of the items in the IOIF-scale (Sample I) yielded a Cronbach's alpha value of 0.95. As shown in Table 2 , the corrected item-total correlation coefficient ranged from 0.59 (Item 6, hear somebody talk about having an intraoral injection) to 0.88 (Item 8, sitting in a dental chair, waiting for the intraoral injection). The correlation matrix showed no negative correlations. The interitem correlations ranged from 0.38 (item 6 and item 10; hear somebody talk about having an intraoral injection and the anesthesia not working) to 0.86 (item 8 and item 1; sitting in a dental chair, waiting for the intraoral injection and when the dentist says you need an intraoral injection) ( Table 3) . Validation of the IOIF-scale 101
In Sample II, analysis performed on the 26 duplicate recordings on the IOIF-scale gave an intra class correlation of 0.79 (95% CI: 0.53-0.90).
Validity
The mean sum score of the IOIF-scale discriminated significantly between participants in Sample I (mean = 23.67, SD = 11.23) and Sample II (mean = 40.22, SD = 8.9), P < 0.001). The IOIF-scale total score discriminated significantly between non-avoiders of intraoral injections and the avoiders of intraoral injections (respectively, mean = 17.93, SD = 7.68, vs mean = 38.76, SD = 13.21, P < 0.001) with a mean difference of 20.83 [(95% CI: 24.55-17.11), g 2 = 0.15]. There was a significant correlation between the sum score for the IOIF-scale and the participants' single question rating self-perceived fear of intraoral injections, q = 0.78, P < 0.001.
Additionally, a significant correlation between the sum scores of the IOIF-scale and IS-c was found (q = 0.83, P < 0.001), and also between the sum scores of the IOIF-scale and MQ-c (q = 0.65, P < 0.001). The correlation between the IOIF-scale and IS-c showed significantly higher values than the correlation between the IOIF-scale and MQ-c (Z = 10.94, P < 0.001). There was also a significant correlation between the IOIF-scale and the measure of CFSS-DS (q = 0.83, P < 0.001).
As for the suitability for PCA, the Bartlett's Test of Sphericity showed high significance (P < 0.001), whereas the KMO measure of sampling adequacy showed a value of 0.95, supporting the factorability of the matrix. Inspection of the correlation matrix also revealed the presence of several coefficients above 0.3.
Principal component analysis and oblimin rotation revealed the presence of two components with eigenvalues exceeding 1, values showing 7.7 and 1.02 (Table 4) . On the basis of 0.4 as salient loading, inspection of the pattern matrix revealed that there were no items with loadings on multiple components, and both components had items with salient loadings. The two components accounted for 72.7% of the total scale variance. The first component explained 64.2% of the variance, whereas the second component accounted for 8.5%. Pearson's correlation between the two components was r = 0.65. An inspection of the screeplot indicated a break after the second component. The parallel analysis showed one component with eigenvalue exceeding the corresponding criterion value for a randomly generated data matrix of the same size (12 variables 9 1441 respondents). The first random eigenvalue generated by the parallel analysis was 1.15. The second random eigenvalue was 1.11 and exceeded the second eigenvalue generated by the PCA slightly, being 1.02.
Receiver-operating characteristic curve
Identification of I-OIP by the continuous scale showed an AUC of 0.87 (95% CI: 0.84; 0.90 P < 0.001). The ROC curve showed that by dichotomizing the IOIF-scale at a cutoff score of 38, I-OIP was detected with a sensitivity of 0.61 and a specificity of 0.85, AUC = 0.73 (95% CI: 0.66; 0.80 P < 0.001). The cutoff score of 38 was set, as a lower cutoff score increased the sensitivity but decreased the specificity (Fig. 1) .
Discussion
To our knowledge, the IOIF-scale presented in this article is the first scale developed to assess fear of intraoral injections in children and adolescents. Overall, the psychometric properties of the scale demonstrated satisfying reliability and validity and provided further support for wider applicability of the IOIFscale within this age group in the county of Hordaland, Norway. As for assessing dental fear and anxiety in children, several scales have previously been developed 26, 27 . It is known from the literature that intraoral injections constitute one of the most anxiety provoking stimuli for children and adolescents related to the dental setting 15 . The need for the development of an appropriate psychometric instrument assessing this specific fear in children should therefore be obvious, and the aspect of identifying the anxiety provoking stimuli in the dental clinic due to such an instrument would be highly valued. A scale which could assess the level of fear would also be of great importance for research purposes, enabling the prevalence of fear of intraoral injections to be estimated and the need for resources in terms of treatment to be assessed.
A strength of the study was the relatively high amount of collected data behind the study results and the high response rate among the pupils in Sample I. Nevertheless, one should bear in mind that those few who did not participate might have differed from the rest of the sample, as high fear may cause Validation of the IOIF-scale 103 avoidance or reluctance in answering questions about intraoral injections 1 . The reliability of the scale was demonstrated by the fact that the internal consistency of the IOIF-s was shown to be excellent, indicating homogeneity of the scale 17 . This was further supported by examining the impact of removing each item from the scale, revealing no items with a value higher than the final alpha value obtained, which confirmed the use of the 12 items comprising the scale. The interitem correlations were all positive, indicating that the items of the scale were correlated with each other. Nonetheless, the correlations were not considered high enough for any item to be excessive 17 . The test-retest reliability obtained indicates that the sum score of the IOIF-scale generated at a single assessment could be representative for the level of intraoral injection fear at another point in time. The scale was completed at the Center for Odontophobia at both time points. At the first assessment, the patients underwent semistructured diagnostic interview by the psychologist, which may have influenced their ratings at the following session. It could therefore be expected that the Intra Class Correlation obtained might be conservative.
The IOIF-scale demonstrated concurrent validity in discriminating strongly between the respondents with and without a known diagnosis of intraoral injection phobia. This emphasizes the ability of the IOIF-scale to differentiate highly fearful children from a larger reference population, an essential feature for usefulness not only as a screening tool, but also in a clinical context 17, 28 . Construct validity was shown in that the IOIF-scale discriminated strongly in the expected direction between the respondents characterized as avoiders and those characterized as non-avoiders of intraoral injections. This could be anticipated as avoidance is associated with the specific phobia 1 , and was also supported by the large effect size, indicating that the scale was able to detect differences between the groups. The strong correlation between the IOIF-scale sum score and the patients' self-perceived fear of intraoral injections based on ratings on a single question added support to the convergent validity.
The IOIF-scale further illustrated construct validity, as the test scores were associated with the dental fear scale (CFSS-DS). Additionally, it showed stronger associations with the injection fear scale (IS-c) than the bloodinjury fear scale (MQ-c), both currently used assessing BII-fear related to dental settings. This difference in strength of correlations with IS-c and MQ-c might also be seen as support for the divergent validity for the IOIF as the theoretical fundament of fear of intraoral injections is closer to fear of injections than the construct measured by MQ-c 6 . Although the correlation with IS-c, MQ-c and CFSS-DS was considered high, it was not overly high, suggesting that the IOIF-scale covered components of this trait not tapped by the existing scales 17 . The PCA revealed that the Kaiser's criterion, based on the eigenvalues extracted, and the screeplot, both were supportive of a twocomponent structure of the IOIF-scale. The parallel analysis, on the other hand, indicated that a one component structure also had to be taken into consideration; however, the indistinct demarcations of the components revealed by the PCA, combined with the theoretical coherence, favor a two-component structure classified as 'Contact Fear' and 'Distal Fear'. The 'Contact Fear' component, which accounted for the strongest part of the intraoral injection fear, included nine of the items which were related to the respondents' fear of actual contact with the intraoral injection procedure. The component classified as 'Distal Fear' was found to explain part of the construct, but accounted for a far less prominent part of the variance. This component included three of the items, all relating to indirectly or remotely contact with intraoral injections. The PCA thus indicated that the IOIF-scale measured the relevant construct explained by the components 'Contact Fear' and 'Distal Fear' and that the component structure was theoretically adequate, supporting the construct validity of the IOIF-scale.
The two components were comparable to the two factors extracted by factor analysis of the IS-c, and the two components extracted by the PCA of the Injection Phobia ScaleAnxiety (IPS-Anx) (assessing injection fear in adults), where the labeling 'Contact Fear' and 'Distal Fear' also were suggested 20, 28 . There were no items in the IOIF-scale with loadings on more than one factor. In comparison, the IS-c has one item loading on both factors, based on the criterion of 0.40 as salient loading, whereas the IPS-Anx equivalently has two items loading on both components 28 . One of the main properties of a scale is its ability to interpret the scores, allowing both appropriate referrals, and statistical comparison of tests. The appropriate cutoff value for the IOIF-scale set to separate persons with high intraoral injection fear from persons with low and moderate intraoral injection fear was 38 (sum score . This cutoff value demonstrated moderate discriminative properties 18 . By choosing a lower cutoff value, the sensitivity would increase. From a clinical and research perspective, it can be argued that specificity in this case is more important than sensitivity. Fear, anxiety and phobia in children emanate from a continuum 1 , and therefore, it could be regarded as more valuable in this case, ensuring that those who are classified as not having a high level of fear of intraoral injections are correctly identified. As the diagnosis intraoral injection phobia cannot be determined solely by a scale, but must be set by a psychologist, the cutoff value set was reasonable for the target population, separating clinical from subclinical respondents. Still, a limit to the cutoff value set is that the sensitivity obtained was relatively low in favor of gaining higher specificity. Consequently, the cutoff value has to be interpreted with caution.
The scale was developed for children as a self-report measure, and not completed as a proxy measure provided by guardians. This strengthened the reliability and validity of the scale, as studies show moderate agreement between child and parental ratings on selfreports 29 . Content validity was supported by the fact that children participated in the pilot study, securing that the language and terminology were comprehensible for the target group.
As the onset of BII-phobia is varying from 5.5 to 10 years of age 6, [9] [10] [11] , this scale was designed to capture children from the age of 10-16 years. The lower limit was both to ensure that the phobia in most of the children was fully developed, but also to secure that the children were able to complete the questionnaire by themselves. Below the age of 10, the wording of the scale would probably have to be somewhat modified, and perhaps assisted by symbols, due to the children's cognitive maturation 30 . Additionally, a scale completed as a proxy measure would have to be considered.
A limitation of the scale was that it did not assess physical reactions, thoughts or behavior, which also are elements influencing fear and anxiety of intraoral injections 27 . Nor did the scale assess whether the anxiety influenced daily living, which is required to meet the criteria for diagnosis of a specific phobia. On the other hand, this allowed the scale to be brief and let the children complete the scale by themselves, making it relevant and easy to use for the dental team.
Cross-validation in different cultural settings is needed for further generalization of the validity of the scale. In future research, further clinical evaluation of the scale should be assessed, as it is important to demonstrate that the scale is sensitive to change during treatment of intraoral injection phobia. Age and sex differences should be described and further explored.
In conclusion, the IOIF-scale showed satisfying psychometric properties in terms of reliability and validity in children and adolescents in Hordaland. The cutoff score of 38 on the IOIF-scale was found to be appropriate for detecting a high level of intraoral injection fear in this sample. The IOIF-scale should therefore be seen upon as useful in the dental clinic for the evaluation of the child's intraoral injection fear and as an appropriate research tool for prevalence studies of high intraoral injection fear in children and adolescents. It represents a useful supplement to the psychologist's clinical judgement.
Why this paper is important to paediatric dentists • As intraoral injection is known to be one of the most anxiety provoking stimuli for children in a dental setting, the development of an appropriate psychometric instrument assessing this specific fear should be of great value for the pediatric dentist.
• Identification of high fear of intraoral injections at an early age is important for the provision of appropriate treatment for the patient, to prevent painful dental experiences and to allow the prevalence of fear of intraoral injections in a population to be assessed.
• An established cutoff score on the IOIF-s is essential to distinguish highly fearful individuals from non-fearful individuals, both in a larger population and in a clinical dental setting. Additionally, in a clinical dental setting, the cutoff score on the IOIF-s may be used to indicate the need for further referral to qualified specialists.
